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Introduction 



Prairie du Cliien is tLe oldest settleriont in Wis- 
consin. It existed as a village at the tine of the French 
and Indian wars. Its traditioiio are nanifold. Here it was 
that Jeff Davis, a danliinj youn^ lieutenant, won Gen. Tay- 
lor's dau.:;hter a-^ainat l^er father's will. Old Port Craw- 
ford has son-rod as a quarrj'- to such an e:-:tont that at pres- 
ent there arc only a few stones left to nark the old site* 

±Yio city is situated on the cast bank of the llis- 
sissip^ji River, a few nilcs above tlie nouth of the Wisconsin 
?.iver. It is built on the sand and jrcwel, deposited to a 
depth of 100 to 150 feet in the a^icient bod of the river. 
On the cast it is bounded by tov/erint^ bluffs of linestone 
rising tea heiglit of about 375 foot above low water of the 
river. It is divided into four wards, a,s shov/n in Pic.4. 

Tiio purpose of tliis thesis is to design a water 
v/orks systeri which will furnish anple fire i)rotection, as 
well as \yator for all ordinary puri^oscs, on the principal 
streets of the city. Tl^o nu:nber of streets to be served will 
be lir^titcd to those havinj .a sufficient population or a loca- 
tion in:)ortant onoujh to v/c'.rrant the oxpense. Tl.e design 
r.iust bo oconoriical. It will bo inportEint to nal:o the first 
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cost r:-s lo\7 as poGsi"blo. However, the principal purpose 
in the natter of cost will oo to provide for a Gyotem wliicb 
will isQirre the purpose nost effectively at a nininun annual 
cost of operation within reasonable limits of first cost. 



To present briefly the riethod of treatment, the 



followii;j synopsis is ^iven: 



Quantity Required. 
Population. 
Consumption. 

Source of Supply 
General 
River 

Artesian \7ells 
Ground './ater 



CrOiiorai 
Prosont V/ells 
Rainfall 
Flow 

Location 

Ilethoi of Collection 
:ia>nber of v/cll.s 



1. Distributing Systen 
Pipe Lines 

Introduction. Location. General Problem. 
Assumption. Ccaculation. Conclusion. 



A 



SOUI^.CJS OP SUPPLY 



B 



\70PJCS CF DISTKIBUTIQIT 
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1. DiGtributiritj System cont. 

Log at i on of valves and hydremts. 
Cost, 



2. Punpirit:; Lfechinery 

Direct P^jjiping 
Kind of punps 
liethods of operation 
Rate 

Size of paMps 
Efficiency and duty 
Cost of plants 



3* Reservoirs 



General 
El e-.^ati on 
Stool tallies 
Ilasonry 

Porn 

Source of stone 

Design 

Cost 



Annual Cost of Operation. 
Total Cost of Plans 2 and 4. 
Conclusion. 
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GGnoral Outlino 



Tlr:c nain topics are: A, Source of Supply; B, Works 
for Distribution; Total Cost of Works,; and the Conclusion. 

In considorinj tho sources of supply it is nec- 
essary to knov/ tl:o ^;ua^:tity required, both in the future as 
v;ell as at present. Tlierofore the population and probable 
conscription per capita v/ill detoniiine tho quaiitity required, 

li.ero aro three pojsiblj ;:ources of sui^iDly: the 
river, tlic c-irtosian v/clls, pjid tho ground v/ater. With due 
consideration of tho quality, the cheapest source would be 
the best in ^his case. It \;ill jo sliov/n that the i;;round 
water furnishes the riost do jirable supply. 

'Torks of distribution include: 1st, the distributing^ 
system; 2nd, the punx^inj nachinory; cxnd 3rd, the resenroir. 
The distributing syjton includes the cast iron pipe lines, 
their location, conputation of size required, etc. , also the 
location of valves and h:,'drants, a.nd the cost of the systen. 

A discussion of puiipinj nachinory will be under 
the followinj heads: Direct pu^ipinj into tlie mains; kinds of 
pumps to be used; methods of operation; rate of pui^ing; 
sizo of pui'ips requiro'l; efficiencies ra.d C.uty of pamping 
plants; ruid finall^-^, the cost of plants. 

hesorvoirs will bo -liscussed in general. The nec- 
essary elevation will be dot err:iincd. It will be shovm that 
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a nasonry reservoir on the "bluff will be the choapost and 
:no'3t durable. I'ho form, oourCD of stone, design of walls, 
and cost will be considorol for a concrete reservoir. 

A fir^ancial co^iparison of various punpinr; plants 
will bo I'^a lo by the netliod of annual cost of operation* 
The total cost of Plans 2 and 4 will then be jiven. Finally 
a conclusion will be jivon* 

Four different plans v/ill be discussed in part or 
completely: Plan 1 is presented as a scheme in which the 
reservoir is to be elevated liii^i enou^j;la to furnish suffic- 
ient pressure in caso of fire. In Plan 2 the reservoir is 
at an elevation high enoujh to senre ordinary pressures, 
and in case of fire direct pressure from the pumps is to be 
furnished. In Plan 3 the reservoir is placed high enouc^h 
to furnish pressure for all snp.ll fires. Plan 4 is like 
Plan 2 excoi^t tl.^it the First iind Fourth Wards and a few 
lines in the Second and Tiiird Y/ards are omitted. 
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souRc::s of supply 



QucUitity Rociuired. 
P opulation. Acj future consui-ption must dotemine, 
to Doiv.o extent, the Gizc v^A cai^acity of works , it is in- 
porta:it to iialce an intellijent c^ess at the future popula- 
tion and probable cor.ou: ption. To coii;3idcr the conounption 
of the present population very uncertain. The nuriber of 
tapo will bo snail cat first on accou:;t of the jreat confidence 
people have in private wells. A sewora^^o systen will ^^reatly 
increase the consunption* 

in 

Two scha^cs for deterry.nj future population were 
n.ade use of. llcthodr. described in "Public Water Supplies, 
by Turneaure Hussoll, on pajes 33 and 34. The curves in 
Fii;;.l show the varlatio::^ ii: populauioi; of different cities 
before mid after a population of 3,000. Fi^. 2 sliows tl:e 
variations in percontajo c^ovrth of different cities, by 
decades. Ai rvrera ;e of the rcL3ult:3 of both nethods xms 
adopted for our conputations. 

77ith the future population of the city as a basis, 
the dcTelopncnt of cac:. ward Wcas considered. The increase 
in population in a ward dopcixls upon its desirability for 
residence and business, as v;eil I'.ii its jeneral location. 
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V/itl. thoijc fciotors in niiid, tl.o ijopulr-tion was (liotrlbutod 
to tho variouc: xx-TLlis. Fij.3 chov/s the relation of various 
v/ards to each otLcr v;itL recpcct to tl:eir population in dif- 
fer out clOCcUlCL3. 



Ijly in tj:o city at i^ro^ont , uLo proGOn-^ as well as the future, 
consuiiption of Wcater nust be assunod. In other cities the 
avero^e consu^vtion vr-rien froii 15 to 250 r;allonG per capita 
por day, aii'L in ^ho uc^jic city nay increase as nuci: as 86 
gallons per capita per day within ten years. Considerinc 
the few needs for water fro:'! a public source, the consunp- 
tion per capita por day is ajsui.ied at 30 {gallons for the 
first ten years. Howcror, to allov; for increase in con- 
suription, 40 gallons por capita per day is assur-^ed for 1920, 
and 50 Gallons por c:ipita ^> :r dp.y is assuncd for 1930. The 
naxinuri ordinar;>" consu::ption x>or hour is assuiied at 225^^ of 
ti:o average, -^s it ::onorally varies fro:: 200^ to 250^. 



iable ;uid U-.c ^-^r tain , Iho flro co.:su i^^tio:! is oven r.ore so* 
For years the firo:; :iay i.ovor bo so larjo that thoy will 
require n.ore thca:: two or throe strean^. On tlio other hand 
a fire nay occur which will roiuire a lozon streans or nore. 



C o ^ ^ r :p t i o n ; Or c.i nary . \7ith no public water sup- 



Fire. 



i\l"Chouj}. vlio ordinary consuription is var- 
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ap^-.lied to v/ards separately and colioctivoly for the nunber 
of streams. For tlio "business x^'Ortion, 200-jallon streans, 
and in tl.e rcjidonce portion, 150->-allon streans, wore pro- 
vided for. 



forr.iula, assuiiption;3 \/ore riade* It wa.3 decided to provide 
for two fires occurring f-t tLo sano tine as a naxinun condi- 
tion. One fire rec],uirinj four 200-(:allon strearis in the busi- 
ne.:.: portion, vr.^l the otl.or roquirijij tiirec 150-(;allon 
streans, tojcthcr vdtl: the naxinun liourly consunption. This 
-nounts to l,rj50 j 11o::l; per nir. ite in lOf^O, used for the 
dosi^'n of pa^ips; 1,830 jallons per riinuto in 1930, used for 
the design of the pipe lines. The results fron the fomula 
and ass^oiiod values r.re jlven in Colunns 6 and 7 respec- 
tivjly, in Talkie I. 



Conclusion. After coiisiderinj the results of the 
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Gourco of Supply. 



General* In conaiderinj tLe v;ater supply for the 



city, three sourcos pro;:entod tLcr.i^olveG : First, the IJissis- 
sippi river; Gocond, r'.rtCGiiu". wells; ar.:l tliird, shallow v/ells. 
'Jlie first two sources were not c;i^j'en r.ucl; consideration, 
I)ri:icipally for Vno followin.; reasons: 



t rat ion vroul I at tinos oo vory badly polluted and at all tines 
noro or los.- repulsive. If filtered, tho cost of filter 
"beds and appliaiicos a'Mod to the cost of a:, intake \70uld "be 
excessive ar.d unocononical. 2]ie location of the reservoir 
upon tho bluff ca^t of tlio city ueinj so far relieved fron 
an econor.iic".-l location of tlie ijunxjs , constant direct pres- 
sure v/ould Le iiccessary, unless i\ standpipe were erected at 
some otlior part of tovm and tho cost of this would also bo 
^;;reat. The fluctuations ii: the .;tac;e of the river, fron 15 
to 10 feet as a ]icu:ir:un., lc:i'Is to r.ore co^q^licated problens 
of construction and r:aint ena::ce, Pin<'tlly, the i)eoi)le would 
naturally hc-ive a prejudice aj:/-inst river '-.'ater, although it 
Tii:jht be just as ^./aro 'i^A potaijle as their present well 
water, and tliis would t^o?^; fewer suhriicriptions and there- 
fore a snail ';r inco::o to tlio syjten, 

Artosia]: '.Tells. At present there are two artesian 

wells in tho city, su:d: to depths of 950 and 300 feet res- 



•livor. \7'^tcr trhc.i fro:i tiio river without fil- 
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poctively. 'Si^oy flov: under a i:3na,ll koc^d. The deeper one 
affords an aLui:dant supyly of \;ater, "but is strongly charjod 
\7ith uineral ;:alts, wLicL renders it very unGuitaole for 
nany purposes, osp-jcial ly for dor.estic or culinary use. 

The nost eviden.t constituent is llaCl. Porliaps 
a still creator objoction is to "be found in the corrosive 
of Toot of lTa2S04 and other alht^li salts, upon the pipes 
throujh which it flows. It is Liaid thata cast iron pipe 
will be destroyed by it in five or si::^: years. This bein^^ 
the case, such wells are no^ to be c^^nsidored as a source 
of sup^^ly. 



v/ator but tlie supi^ly is not coi)ious .^ir:A furthermore, the 
cost of drillint_; artesian wells wliore all but about the 
firut 100 feet is rock, would be \^ory lar^e. Therefore those 
wells \70uld not be adapted to the 'requirenents of Prairie 
du Chi en. 



sources of jupx^ly first r.ontioned, the one nost in fa^vor 
ajid tlio one v-rhich wo find the r:ost economical, is the 
shc)21ow well system. The people at present obtain their 
supply fror: private driven wells. They are inexijiensive and 
easily sunk, and furnish a conparativoljr lar^^e amount of 
water. Thoy are sunl: only 35 to 50 feet in depth, and con- 



\7ells of about 500 foot in depth furnisji ^jood 



(r round V7ator Supply. G on oral. 



Of the 
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sequontly i'l tho nore t;Llckly settled portions of the city 
are froquontly contariinated by sev/a^e. The city beinc prac- 
tically ICTT-el, draina{;e is poor, and all ^^rncli tjliallow wells 
are more or less subject to pollution* 

Siace tho city is situated on the sand and tj^avel 
deposited in tho .'^iiciont river "bod, the ground water flows 
readily through the soil from tho "bluffs. The slope of 
i^roa.id \7at0r i:: detomincd fron tho level of the water in 
v/ells. Because of flatness of valley and ci-aracter of soil 
the percolation v.dll be hijh. For this reason tho ^jround 
water supply has always boon very abundant. 

Present \7olls. In investi j;atinj the (ground 

water supply directly, \'!0 observed sever:il of tho character- 
istic wells of tho city, detenrj.ninj the size, capacity, 
ioi^th of tho (jrouiid v/ator below tlio surface of the jround, 
etc. I'hc wolis v;ore on a lij:o ru:::iinj api)roxinat ely east 
and west, e:-:cept one v/oll in tie First \7ard, which is shown 
in Fii3.4. All tlioso v:olJ s javo cvldo:ice of a bountiful 
supply luid also sliowed that the ::round water level is about 
27 to 30 feet below the surface, at lev: wat^r in tho river, 
in all parts of the city. Fro^i those (V ta and the topojraphy 
of the city, Fi^.4 is constructed, indicating a possible con- 
dition of the j;;round water surface. The joneral slope is 
fron tho bluffs on the east imd north toward the river on 



Digitized by 



Digitized by 



Google 



12 



tho south and \703t. TI.c local olopo^ of tlio ground water 
v/ero not considered, since they are likely to change and 
calculations based upon then would not he reliable. The gen- 
eral slope being of s^^ial^ or grade, it io on the side of 
safety to use it as a basis of co:v^tati on. 



upon which cur judgr.icnt of the slope is based are the C. B. 

Railroad v/oll in t}.c Third \7:.ird, and tho well near the 
College, in the First .7ard. Tiio surface of the water in the 
wells is almost at tho sa-.o Ic^jcl in both, the level of tho 



latter. 3.c distance between then being about 8,000 feet, 
the slopo of tlie groundv;ator is .5^^000, 

Rainfall. Fron Table II. the average annual 

rainfall is soon to bo rbout 30 incl os. Pron ti:e character 
of the subsoil we can assa^ie the percolation to be about 50% 
of tho rainfall, v/liich ariounts to 261,300,000 gallons per 
square nile. Also assuidlng the slope as ,0005 and the ef- 
fective size of sand .8 nn. :ind porosity 25^ nininum for 
sand and gravel, tho rate of flow is 5 gcaions per square 
foot per day. Tho supj.jly wol.Ls being, say, 80 feet deep 
and tho ground wator 30 foot below the surface, we have an 
available water bearing stratun of 50 feet thickness, whJ.ch 
neans a capacity of 1,320,000 gallons per day per nile in 



The results in general are rough. Tl;e best wells 



wator in tl: 



[10 f omer bcir.g aboi 



feet high or than in the 
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breadth, that is, v;ith normal clopo of G^^ouiid vrater. How- 
over, a^ GOon ao the water in the wells is dravm dovm the 
slope "boo ones greater and the supply increases accordingly. 
'7ith the "bluff area on the oast luid the larje factor of 
safety in assuninj the sa:.d jrains .8 mi. , t?i0 above con- 
putation3 are certainly on the side of safety. Perhaps the 
nost reliable and exact deterr:iination of the available sup- 
ply is that ^:;iven below, wliich also indicates tl^t an inex- 
haustible supply is insured. 

Plow, TIio de3i,:;n of the necessar;/' wells is 

based nost lar^jely upon t}:e C. B. & Q. Railroad well, Tliis 
well is 6-1/3" in diar-:otor, and 40 feet deep, the \/ater 
le-^^el beinj 27 foot below the jround surface. Tlie yield 
with a lov/orinj of level of about 1 foot is about 1,500 
33- jail on bbls. per day of 10 hours, as jiven by the en- 
jineer, or 120,600 jallons por day of 24 hours. Usint;; a 
si 01)0 of .5^1000 with the above data ^jives a porosity of 
25; for the v/atcr boarinj siraturi, ruid cffectivo size of 
saiid of .8 nni. (which values were used in the preceding 
estinato). IJsinj a factor of safety of tv/o on this cal- 
culation we obtc^Jln the disclarjos for wells of a jiven size, 
depth, an*i increase of head, as shov.ii i-i Table III. 

Location. It was decided to locate the wells 
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at or near the intersection of Illinois iii'A Bluff streets. 
ZhG jenercU. .direction of t}.e slope of jrouiid water is toward 
tl.e soutl;\70st rrA since tl.ere are very fcv; or no houses to 
the northeast of this point, the danjor of pollution from 
sewOije is inappreciable. This is also a central position 
\;ith respect to the reservoir and the area to bo served, and 
jivcs a sa:iitary and oco::o"ucal location. The v/ells , hov/ever, 
are desijnod for a depth of 80 feet, which will t^ivo a 
i_;roater rate of flow that the present private v/ells and will 
also contribute to th.eir sjuiitary condition. 



subsurface, driven -veils woul I be the cheapest and most 
econonical ncc^-ns of collectinj the water. To prevent the 
water near the surface fron flov/inj directly into the well, 
it will be necessary to have a suction pipe within the well 
tube. 

:Ta^-.bor of V/ells. The iru:bcr of v/ells rociuirod 

depends upon the rate of jjuiipinj and hence will be ^jovemed 
by tho systcn used. Pu::'5)inj the ordinary consunption for 
1920 in a pci'iod of 10 hours fjivos about 350 gallons per 
roinute, or a well capacity of 504,000 jallons per da.y. To 
keep the velocity and friction in the suction pipe siiall, 
anf 0*' well with 6" suction is necessary. Tliis well, 80 



Collection. Considerin,^- the character of the 
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f'jut deep, l.c.ij i\ capacity of 1,050,000 jallon:3, v;hich would 
c'xlso bo larjG enoujl: to supply surplus water for fires. If 
v/o coiiLsidcr wolls sufficiently lar^'e or nunorous to provide 
for direct supply for firos, wo find tLat three 8^ wells, 
8^ feet deep, arc i.ocesGar^^ to dischar>j;e the required 1,550 
t^allons per niiiute, or 2,220,000 j-tllons per day. The capa- 
city of each 1,070,0^^0 tjallons i)or day, but owin^ to inter- 
ference we i)lace then 100 feet a^^art, v;hich c^ves then a 
combined discharge of 240;^ of 1,070,000 -;allons, or 2,560,000 
gallons, per day. Snaller sizes v/ould ;jive sufficient capa- 
city but thoir use is j-^revented by the oxcessive friction 
and velocity wliicli would bo produced in the suction pipes* 
Since the larjor r:izos cost but little nore than the snaller 
ones the fonicr wore choson as nore econonJ.cal, 
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\70RKS OF DISTRIBUTION 
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l,Di3tributinc Systen. 

Pipe Linos, Introduction, In desitjninc 

the pipe lino for Prairie du Cliien, the first difficulty 
was the v/ide distribution of tho population, due to the 
widely separated \7ards, and the snail nun^er of peoj^le per 
"block, particularly in tho first v/ard, necessitatinc a rela- 
tively lar{;e amount of pipe for the service {^iven. TiiQ water 
nust bo carried fron the second \mrd to the first v.^rd 
throu^;h a jlrotch of about 3,000 feet of pipe havinc no 
service pipes v;] ate^/er. The supply for the fourth vre.rd 
nust likewise pass throujh about 1,300 feet of pipe across 
the sloujl^., without house connections. Tlie ordinary service 
in both these ^-ards is snail, but to provide for fires the 
nains nust nocessarily be lar^e and tlierefore e>q)cnsive. 
'Vithout those two -.rards a coiv^ct and oconoTnical water supply 
could be designed for tho renaiu.Icr of the city; but since 
the first vzid fourtxi v^ards are under city rule and the city 
is to control tho systen, it is out of the ^luestion to 
nojlcct any taic-payinj portion of the people without their 
consent, llcrice, although the pipe systen nay seen, and really 
is, unecononic:il as coi^parod with nost snail cities, we have 
endeavored to noke the best possible arran^enent for the city. 
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Location , By reforrinj to the nap of the city, 



the distributing systori as dosit^ned for Plan 3 can be seen. 
The location of pipe linos is the sane for all plans except 
Plan 4, vdiich is the sane as far a.s it joes. 



second and third w^^rds 'offers a sonov/hat conplicated i^roblem, 
but the flow \7as arrived at by usinj the f ollov^inj approxima- 
tions: 

Llaxinun Ordinary Supply on the three principal nortii 
and south streets. It v/as assuncd that the sane amount of 
water would not be consumed on ail three streets, Church, 
liinnosota, imd Uichigcm. The consur^ption u^oon each street 
\/ould depend ui^on the number and character of the residents. 
In the second r;ard the consamption on Church street v/ould 
be 5y^2 of the total co:isamption of the ward. The consump- 
tion on the other streets is as jiven in the following; table: 



General Problem. 



The pipe system throughout the 



Ratio 



Consumption 



Second \7ard-- 



Gals.per Ilin. 



Church, 

IJinnosota, 

Llichican, 



5/12 

5,1.2 
2,1.2 



76 
76 
32 



Third V/ard— 



Church , 

Liinnosota, 

Ilicl'iiG'^, 



4,1.2 
5/1.2 
3A2 



78 
96 
58 
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Throe 200-jallon fire streann are aGGumed as a 



naximun on any ono Gtreot. 



Condi tionG covcmin^ the consunption on liain 



street ?-nd Church Gtroct arc GonowLat sinilar, and calcula- 
tions "bajod upon :iinnoGota vrill ho safe for Church. The max- 
inun coriGunption for llinnoGota street in the Second ward is 
676 {jcilloiiG per rJLi.ute, one half of which is assuned to flow 
in at Bluff cUiI ono half at \7c"b3ter; in the third r.^ird, 696 
t^allons per ninuto, one half flowin^^ in at Bluff street and 
one half at Perry, 



street, to assume the naxinuin flow equal to the naxinuin sup- 
ply for llinnesota, plus the riaxinun ordinary on Michigan 
street, or 338 + 33 = 3?0 gallons per minute for the second 
ward; and 350 + 58 = 408 gallons per rnanute for the third 
ward. 



used in the dosijn of tlie pipe lino: 
llose with a l** nozzle. 

Hose 300 foot in lenjth sufficient for first and fourth 
v;ards • 

Hose GOO foot in length sufficient for second and third 
wards • 

150 ,_;allon stream for fire in residence portions of city. 



It v/as co.^sidered more nearly accurate for Michigan 



Assumption. Pollo\7inj arc some of the constants 
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200 g^'^lon stro:^! for firo in "business districts* 



Table 3lioviinc ?.ot\xul pressures for c:^ven streans and 
len(;th3 of hose: 

Ileijlit of Length of Pressure at Hydrant 



Size of Stream Strean Hose Feet Pounds 

150 (jals. 45* 300' 99 43 

150 45* 600* 133 57.5 

200 " 69.8' 600* 235*6 102*0 

Ass^j j iod H:"drai:t Pressures: 

Ist imd 4th \7ards, 118' 50# 

2nd and 3rd wards, business districts , 208' 9C# 

2nd and 3rd \7Jirds , rcsidcrxe 148^ 6C# 



Cr.U.culation. Pror^i the above assur-.ptions and con- 
stants and the table shov/in; consunption for the different 
v;ards, Table IV. is constructed. Itliov^s the result of de- 
si{;nin2 the pipo lino for oco:ionic velocities v/hen there is 
constant fire pressure fro:i the rcsor\^oir. 

V/ith thij systOT: it is obvious tlvat the friction 
in the i)ipos is very snail ai.d consequently the cost of puinp- 
inj will be diniriisi.od. Also ti.e rcser\^oir, whicl: is de- 
signed to bo loco.tod on tlie bluff, could be pl^^ced at a 
lower elevation and hence i.mdo norc conveniently accessible. 
Tliis latter consideration, hov:e\^or, is of little nonent , 
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sinco a few, or ovon several, feet difference in elevation 
of the reservoir does not apprecialjly a.ffect the leneth of 
pipe rc(^uired nor the cconon;>' of its construction. But the 
consideration wliich outweijhs all otiiers is the first cost, 
and fron tliis point of view the systen requiring; lar^e pipes 
for econordc velocities is not advisal^le if snaller pipes 
can "be used by sone other netliod. The cost far exceeds 
that of the systen desicjnod fron prr-ctical velocities, as 
will he observed in the final estiriates of the different 
systons. 



oxceedini:: oijht or ton font per second in case of fire or 
of oxtrone naxinun consunption. Tj.g hijh velocities are 
ordinarily of siLort duration, perhaps lastinj not over two 
liours in .:iny instance. Thoy tiierefore offer no serious ob- 
jection furtlier than that the pui-i^js i..re nore heavily taxed 
for the tine. 



the result inj friction under different conditions. Only two 
essentially different schenes of sizes are ^i^'-en. 



the econonic jyston. oxcoptinj that fron the intersection of 

Church and rauff to tl:e rescn/oir it is reduced fron 

to lO**. This systen is considered only with naxinun con- 



By practical velocities we nean velocities not 



Table V. ^jives tiic equivalent sizes of pipe and 



In the first t};o sizes of i)ipe are the sa^ie as in 
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sunption for 1930. 

In the second jjchone all pipec are r:ade 6^ oxcept- 
inz fron the intersection of Church and Bluff to the punp, 
\viiich is 10"; and from Lewis to Church and well to the res- 
onroir, \7hicii is 8^. Tliia aysteri is considered for naxinun 
consunption up to 1920 and also to 1930, and for ordinary 
consunption up to 1930. Friction for and 12*'*'pipe fron 
p'jnp to rosorvoir is also t;-iven in TaLle V. 

Conclusion . The first system permits of consid- 
erable Ivdrai.t prG;33ure from the rosorvoir without excos- 
oivo olovation -uid v/ill provide for nearly all f ires , at least 
up to 1920; then, if necessary, direct puripin.; could bo em- 
^.loyod for fire prco^ure. T-he latter rj^Tjten is suitable 
for providing:; reservoir pronsuro for sixxll fires up to 1020, 
usinj direct ^^ressuro in cases cf 2iecossity^ 

If after 1920 the reser^/oir wore to supply the 
ordinary consuiiption of 600 jallons per minute only, then 
the O** pipe could "be used without extroino e3. ovation of the 
reser^T^oir, since the ordinary lydr-iuit pressure in residence 
districts is 60* a^ia not more tlian in business districts, 
and the loss of head in frictio:i from reservoir to purps is 
only 3?*. But althou,;]! an 8" pipe would be serviceable for 
ordinary co/:sumption up to 1930, it v/ould not mal:o the res- 
ervoir stora.;;o avail'ible for fires of any im^.^ortance in the 
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outcl:irt3 of 



tl:c city. 



Location of Valvos and Ilyunuits. 



Valves are 



placed GO that aoctions of tlio syotan CJ^n be ahut off with- 
out cloGinj the whole jyoten. Their positions are shown on 
tho nap. 



in the dooi^jn. Diey are placed on cornora opposite larjo 
buildings, on vacant corners if possible. They are so 
spaced that t}iey v/ill jivo tho required number of streams 
at «any point alonj the pipe linos, so that no liose will be 
lonjer than 600^ in the second and third \urd3, and 300 feet 
in the first ward. 



hydrant, cuid per valve was tal-cen from current contract 

prices. Tlie cost of the syste?i for Plans 2, 3, and 4 are 

jiven in Table X. After the sizes of pipes and head required 

for Plan I. had been conputed, it was apparent that the sys- 



hijh cost of installation for larje pipes, and a jrcat an- 
nual e:q)enso in punpin; all the water under a lii^h pressure* 



Only hydr;uits of the two-way typo are considered 



Cost. 



Cost per lino?J. foot of pipe laid, per 



ton would not be economical. It would neceositat9a very 



Pu^Tpinj 



lachinery. 



Direct Punpinj. 



Punpin J directly into the ixiins 




1 
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at all tino:3 v/ill not be coi:oidGrecl for various reasons. 
Tnc plant v/ould have to "be operatod at a snail fraction of 
full load 24 hour 3 :i day. Tl.c cost of attendance would "be 
two or throe tines as nuch as \7hen punpinj to a reservoir. 
Hhe efficiency of the plant boinj lov/er, duo to snail load, 
operatinj e.q)onL;e3 woul l jc incroc'.sed. ConGidcrinj only 
tliese losses, it will talco hut G^iort tine to nore than 
pay for a resor^roir fron tlie savinj in ei-qpenses. It can 
:jivc a 3Up^jly of v/::.tor in case of accident to the punpinj 
plant. In all pltuis except Plan I it will be necessa;^ to 
purgp directly into Iho riainj in case of a lar.^c or crren a 
jnall fire. V/lien direct pressure fron the pui::p is furnished 
the pipe Icadin.j to the resonroir nust bo shut off. V/ith 
a resenroir tJ.e projjure iji uhe ry.Lino will be constant. 



ton is a s- lall one, punpinj v/ill only ho required a frac- 
tional part of the day. The hijli efficiency of pov/er punps 
and the variety of nothod.j of operatinj tlicn, nake then 
very desirable in sriall systems. For this reason only power 
punps will be consider od. 



of operatinj punps. ::hey nay bo operated by stean, jaso- 
lino enjinos, notors, or conbinations. licxch nethod has its 



Kind o f ?iinp. 



Considerinj tlio fact that the sys- 



IJetlvods of Operation. 



x.ore are 



various nethods 
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advantages aiid di 3 advantages. IJotors have a lov; first cost 
V7hon electricity is furnished by an electric li.^lnt conpany, 
but operation is very expensive. A plant large enoujli to 
furnish fire pressures nust be operated at a freiction of its 
capo^ity. For sucji operation the steam online is best 
•-adapted. Or. the other i;a:id, electric generators ond r:otors 
are built -vith a^ hijh of f iciencic.-: at 1/4 load as at full 
load. For a s?:all load, v;hich jieod only be carried Q or 9 
hours a day, the electric notor is evidently the nost con- 
venient. Ho;70r^.''or , a iiotor can only be used for a part of 
the capacity required, bccp-use the i)ov/er available fron the 
lijht corpa:iy is li:\itod. '2l\c only attention required with 
a motor is oilinr:, insi^octinj, and cleaninj of the mchine 
once a day, v/liich nay be done by the superintendent of the 
works. A float in tliO reservoir nay be used to operate the 
notor, a:rd tlius kooiD the reservoir filled witliin certain 
linits. A jrisoline enjine is very useful in case of fire, 
because it requires but i nonent to start it. A licensed 
en^^ineer is not required to operate it. 



vice, the punps can be operated at any constant rate a cer- 
t<ain nunber of hours each day. 

At 400 jals.per nin. rciuiros 4 ::our3 to pu:^^ 97,000 ^als. 



^at o. Since p- rosenroir is used for ordinary ser- 



if 



400 



ff 



ff 



ff 



ft 



5 



ff 
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At 400 i2'^3.yor nin. requires 8-1/3 hrs.to punp 200,000 gals, 
t 200 ^ 8 HHfi 97,000 

H »f 1 H If 3-1/3 tt ft 112,000 

Size of ?xip3. For an ocononic syGten which could 
bo depoiided upon for at least 15 years, requires 2 punps of 
a total capp.city of aoout IGOO jallons por ninuto. For this 
purpose two triplex pu:ii)3 were chosen, one of 600 i:;allons 
per nlnute cax^'-city, -^Ji.l tl.o other of 1,000 jallon capacity, 
llie siiall pu:ip nay be used nest of the tine for ordinary ser- 
vice, vAiile t].e larjor one should be used occasionally to 
*:riJ:o .jure tJiat it is in jood order v;hen needed. 

In Plan 4 3^i::^-llor panpinj capacity nay be pro- 
vided for. For this Plan, 2 puips of 400 and 600 jallon 
capacities, respectively, -/ere chosen. 



Sf f iciencies . Por various schenes of operation 
efficiency diajrans were drav/n, Pijures 6, ?, 8, and 9. 
Fron those dia;;ran3 the i.^jlioatod iiorje power (l.HP.) re- 
c^uired, nay easily be detor^iinud. It i-j equal to the tlxoo- 
reticol :r. divided by tiio efficiency. Table VI. jives 
the theoretical HP. requirol Tor various rates of punping 
to different }.eijht3. It also jives the l.HP. required. 

The ducy is the r:itio of foot pounds of v;orh done 
to enerjy ozcjondod in hcp^t units. Fron the efficiencies 
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deteminod in tho diajrans, the daty of a punplnj plant 
opcratod hj 3 tea- would 'jq 6,1 x 64:^ :c 778,000,000 = 30,000,000 

Cost , Co^jts of tho punpinj pl^vits as dosi.:^ned for 
the various nothods of operation are tabulated in Table VTI. 

3. Reservoirs. 

rrenoral. A reaon^oir j^oul'l not only sen;^e as an 
o:iaaliser jf pressure, ~jut jl.ould Ij.vo onou^}. slora^^e cap- 
acity t. ) prv-i.io r ;r at least one day's consunption. If the 
reservoir lias a capacity of 200,000 ,:;allons, it will supply 
the avoraj-3 daily corisu^iption re^xuired in 1920, 

For various reasons it was docided to locate the 
stora.:;e ta:ilc or reservoir upon tho bluff oast of the city. 
It is found t].at it is clioapor, iioro easily constructed, 
loss unsijhtly, -ind jafor than a standpipe built in the 
coi;\.r:il pirt of tlio oity, Tho soil beinj sofl and treacher- 
ous, it woul i require a larjo ipenje for a foundation for 
a standpipe e^rcn of s^^all size, '.ncl it is not ecoiior.iical to 
juild a larje sta. .dpii)e of a size eriuivalont to that which 
is available on the bluff. The cost of the steel struqturo 
iosolf is lar,;e -md c:<:cessive coni^ared with the cost of a 
roservoir, of v/hatevor ^latorial it r-ay be constructed, on 
account of the different shape due to iiicr eased hei^^ht. A 
ro3or^.^oir built ujon t]:o bluff c^n be placed at alnost any 
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eicr/ation ^-jgIow tl.c yu^T^Lt v/ith little difference in cost. 



:iLe^7ation of Rosen/oir, A15 Las already "been shown 
ti.o Huff is nou suf f icie::tl/ Lijh to jive the pressure nec- 

Oosar:,'- for larje fires. Tne resen^-oir v;ill accordingly be 
pl'icod either l:iji. onoujh for ordinary senrice, or high 

jnoujh to jivo sufficior.t pressure for single sr.iall fires, 
up to 1020. The nocicsoary olovations for the second case 
are worhod out approxiiiat ely upo:i assu^iption of fire supply 
in different parts of tov/n, as follov;s: 



Ist '7ard to 
hesorvoir , 
3 150- jal. 



4th V/ard to 
Rasor^/oir , 
3 150- jal. 



3rd \7ard, 

( near Ciiurch) 

4 150-jal. 



2nd V/ard at 
Ilijj. Gciiool, 
4 150-;:al. 



4510' 



5000' 
4415' 



209 0' 
4510' 



30 -^O' 
4510* 



2nd ajid 3rd '.Yard at 
Li.jl .tin J Stn, t i on , 19 50 • 
4 200-jal. 4700' 



Sizo 



Gallons 

^>Qr :.!in. Friction 



Total 



lO" 
3.3" 


800 
500 
il^'drant , 


op ' Pv 

37.5 
118.0 


178' 


10" 
7.3 


000 
433 
II:,^drant , 


25' 
42 
110 


105' 


J • 

10" 


T'oo 

000 
IVdrant , 


10 ' 
27.5 
148.0 


193'. 5 


n.2" 

10" 


700 
1000 
Ii;:,'drant , 


10.' 5 
34.5 

148 


193' 


10" 
10" 


900 
1100 
II:.'drant , 


3:7 
44.0 
208.0 


253 .'5 
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For i'la_a 3 an avcraje of 100 feet above Illinois 
3troot at Bluff v/ill bo taJcon iv3 tLe olevation of the top 
of tlie reaorvoir. 

For Pla 1 2 the elevation re^iuirea is 125 feet. 
The avera;;;e head a ;ainst which tlio pu:^:p3 i^ust operate is 
about 161 foot in Han 2, a:ui in Plan 3 it is about 200 
feet. 

Sto ol tanlcs . A oteel tank vni3 at fir^t considered 
but this, unl03Ls pl'ico^l at tho top of tho bluff, would re- 
quire a lar.jc a^vjunt of excavition. To afford a stora^je of 
•^.bout Z01^0')0 jiuljr.o, or ono day*s ordinary consumption 
for 1920, r/ould require a ta::!-: about 40 foot in ditvicter 
and 20 feet hijh. Conoldorablo excavation and labor would 
be nocessary to prepare the fou.idation for such a taric, 
'jren if it were placed oy: the sunnit of the hill, and the 
cost of a cover would be larje. For several years to cone 
the tan>: v/ould not, por_a^;s, be ta::o'l to its full capacity 
'ml little circulation of wator would result; an^l beinj lo- 
cated in a c jld, o::posod position, it nijht bo necessary to 
provide ^^ain:3L t].o action of frost. This, hovrr^or, is not 
a serious objection, since thore v/ould be little possibility 
of hamboin; .lon-i by accu^ lulations of ice in a ta:ik so con- 
structed. 
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Foirr. and Size. 



Since it 



is not nocesGary to place tLo rcconroir -^t tlio top to pro- 
vido for LJ^rill fires, tlio proooure n.^:ain3t vrliich the pui^s 
work oim Tjo rovluco l Irj ^l-'.cinj zl.o roion/oir on tLe cjidc 
of tixO oluff • In tLij o^ronz it w'-iri i.ro^j030d to construct 
a rejervoir of ri\3onrj and concrete, tr c di^ienoions to be 
G )* :■: 3y x 15', v/itn tl.o lonj axis p?.rallcl to tLc oide 
of tlxO l.ill, '21.0 oxca^.^atio.. for a rejorroir of tLis aLape 
will not "be nucl: !ioro tj^an for a round tank of equivalent 
capacity, 3.0 slope of the "bluff on tl. o north side next 
x,o the road i3 v-jry unifoni an 1 nal-zos an anjle of about 30^ 
v/iLh t].o hori::ontal. A rcser^/oir of t!:e size [jiven, with 
a ].orizontal botton, has a capacity of about 200,000 gal- 
lons. 'Tith the bo It 0^1 'jlopinj tovr.ird tlio bluff at a depth 
of 10 feet at the inner \;oll, as shov/n in Fij.5, the cap- 
acity is incroajOvl tj about 2G0,000 j<allons. 



out the :5ito :"or tho rosor.^oir ".nd Uo o the stone obtained 
in this r:anner for a wall on the front side and for that 
part of tlie cr^-hj wl icli is open. The wall will then be 

faced with concrete -ml linofl with neat Portland cenent 
to nalce it water ti^ht. 11. e ::atural rock will foni the back 
':/all c'ind part of tj.o o.:ds ^vill siuply reciuire a pointing 

up or .^routinj and lini,.; ox cenont. The botton can be 



Source of :jxtoriaj. . It is proposed to blast 




Digitized by 



Google 



30 



siidlarly troatoa. A co-^'-.t ca:i Ijg caLJil/ :uid cheaply con- 
jtructod for a resor^/oir of t^.is olivipe ?uul sizo, v;];ich 
niJLt bo a conislr. cranio iten for the round tarilc. oUch a 
resGi^/oir if well co.iotru'jt j i v/ill be practically •j.^omanent 
'i2il Mill reriuii'O liotlo o:':pG:iditure for repairs. 

DoGi^ri. FollO'Vinj io conputation of irhickn03S 

f v/:il 1 r e i r (j 1 : 

a - "^l-lci:.LO.rj of v/all at top = 1 foot, 
b = I.oijht o:" roi3Gr^roir = 15 foot 

== ;ipecirin "ravity of r.aoonry = 2,5 



to blast out Liufficieut rock to jivo tLe botto:^. of tLe res- 
ervoir ax:d front \7all a natural rock foundatioii than it is 
to ruoko the occa^'-ation narrower a/.d build up a na^sonry shelf 
on tl:e front side. Z! o for/icr will also be safer. The rock 
is a linostono, not very hard, an. I cooi. of blast inj and 
cleaninj u^) is estir^ated fron Gillette* o ru-u.ls at 400 

per cubic yard. The c o.;t of nasonry and concrete is tfUcen 
at ;v?.00 per cubic yard. (30* base). 




= y 1.25 + 90 - .5 = o.'or 



v/idt]- of botton of \7all. 



Cost • 



It was foun.i thaL it is slightly cheaper 
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Co3t of reson/oir of 200,030 jali3. caxDacity: 



900 cu.vd. oo'.'V^ri 



tion, 



360.00 



205 



nasonry , 



Q07.OO = 



1,435.00 



3,500 B.:L Timber, 



Q$20.00 = 



70.00 



Uiscellaiioous , 



35.00 



? ^tpJ. ro-\ - - |1,900.00 

oi rorjervoir of 260,000 <jal. capacity , ~ 2,050.00 
Annual Cost of Operation. 

TLo oco::orJ.o coi-^Gt ruction \'rill depend upon t]io 
3Uin of tl.o first coat, tLc cost of oijoration a:iu rcpairij, 
and t].G ccot of reiicwcils. VariJUo ^jlants j^ixy be conpared 
finaj.cic'illy by conparinj tl jir a.jiual costs, v/hich are the 
sun of the interest on the cost of installation, annual 
cost of operat^ion, cinnuai coot of ! iai:itonance aiid repairs, 
and the annupj. debit to jiiJcinj fund. 

In or lor 'ict*jn:ine tl.e aiurual cost of oi^era- 
tio.i, various u::its wore a^su'ied. T..o cost of caoli kilo- 
vratt hour, 50; jasoli.ie ivc 0,'^ p 'r .:allon; cand coal at ^4.00 
per ton of 2,240 lbs. Aroraje annual cost of operation 
Tor 20 years was asrjar.od to be the sruie as that for the 
yoar 1010. h.-ao of i;u^^pinj v/as assu^-^.ed at 200 jallons por 
riinute, ^i^-;idnot total lioal of 170 feet. The a-iount of 
jasoline v/as ass^jnod at .15 ^jp-llon per I. II. P. por hour. 
?ron the ef f icicr.cios the duty of the stean pla::t is 30,- 
o )u,000, and the coal re-iuired is 6.6 lbs.' per H.P.per^hour.. 
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Total Cost. 



Zi.Q f i::a:.cio-l oo^:pari3on nade in Ta'^/le VII. gLows 



tho use of tjn.3oline o:i(;ine3 to bo the no3t econonical iiethod. 
!To financial co:po.ri3on vraa nadc for plan III. "because the 
rolativo econony of tlio different notl.ods of operation v/ould 
"bo practically tho gojic, at a jroater cost of oporation as 
-.veil a'j first cost. 



noot econonical. However, as this sohene is only ^jre- 
scntod in lieu of sonothinj uettor, havinj a low first 
cost, it v/ould be bet lor to use i\n electric notor with 
one (jasolino enjine, or two :iotors if 75 11. P. can be fur- 
nished by the li jl::t conpany in case of fire. Tliis Plan 
4 cuts out pipe lines in tl.e first an-l fourth v/Pwrds; also 
Ziichijan, Ilai::, Illinois, ; nu parts of Louis, Bluff, \7eb- 
ster an I Perry streets. 



P7. tho ,;:'.solino enjinos are also the 



Coj-o of Plr^: 



Plan 4. 



Pipe line's, cor.pl etc. 




iJl2,790 



Punpinj Plant , 



16,000 



6,900 



Small roser^roir 



1,900 



Larjo resor^/oir, 



2,050 



]n jineorin, 




2,030 

(J43,744 



2,1G0 



l^OtP.l, 



^^23,750 
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Co*ir!lusion. 

Alti-oajL ?lari 4 tr.o cLoai^cst it iis not tho 
noot desiraulo oir.ce two \/a,rdi ar*:- tLeroby left without 
firo j-)rot cctioi:. A niiior jujoctio.i v;oul:l "be ti.e coi3t'Of 
e:ct c.x'.liiij i'laii 4 i:i the Tuturo, If it i/crc later desired 
oo nako tLo ^yoicr-: equ.-il to the Gyi3ton of ria:i 2, the whole 
co3t would o::ceed tl:at of orijinally iiiotallinj tho uysten 
-ICC or din J to 1-^1: L>'. 3. 

V/o recoirxnd ilan 2 aii the he'jt yysten. Pipe 
linos cui bo ad<lod v/hon ne-ju'jd. TI.oijQ laid out on tho 
"^'V for I'lcan 2 Gup^^jl:,' \/ator o:.ly on tho ^jriiicipc-U. jtrootG, 
Tho pipe linos on '.Touster, Verirr aiul Lroadway will prevent 
the occurrence of too ^:any 1 c.:l3 tanl secure a hotter 
circulation. 

'2]\o co3t of Pla.. 2 i3 leiy.s t}:a:i .'u:y other systen 
in '.7i3con3i:: of 'i>out '.ho jraio Gizc, 

C'ost of 3yju<r: :\r X.li ;o -;it: 1 nilo Iojj of pipe is $G0,000 

" Konooha 1/2 ^ n ^ n n $30,000 

(ho pu^:p3. ) 

COot of 3y3to:i foi^ riop.-^jr Dai \dlh 2 niljs v.oro pipe is 
;i25,U00. 
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Table I. 

poruLATioiT, coitsui.:ptioit. 



Gallons 



■/ard 



Popula- 
tion 



Averajo 
per rln. 



Fire 



AsGuned 
Fire 



llEixi- Avoraj^je 
nmi per year 



(First Yoar) 



1 


G26 


19.4 


13. 2 


30 


333 


450 




2 


1049 


32.4 


21.9 


49 


573 


600 




3 


1211 


37.5 


25.4 


57 


620 


600 




4 


346 


10.7 


7.2 


16 


250 


450 




All 


3232 


100. 1 


67, 5 


152 


907 


1)00 


1152 


2j.3 


2260 


70. 


4?. 3 


108 


000 


800 


908 










1910 








1 


675 


13 


14. 


32 


354 


450 




2 


1200 


32 


25.0 


56 


527 


600 




3 


1500 


40 


31.2 


70 


530 


600 




4 


375 


10 


7 






450 




All 


KJ i \J ^ 


1 00 

JL W -/ 


7n 


17fi 


1 Of ^7 




X ^t^lj 




P700 


70 
1 t-^ 






OPO 


r^oo 


QP7 










X v7 *^ W 








1 


925 


18.5 


25.7 


57 


405 


450 




o 


1550 


31 . 


43. 2 


97 


525 


600 




3 


1925 


30.5 


53.5 


120 


600 


600 




4 


600 


12. C 


16.6 


33 


326 


450 




All 


5 3 JO 


100. 


130.0 


312 


1250 


1250 


1562 


2r;3 


3475 


70.0 


96.7 


213 


896 


800 


1018 










1930 








1 


1375 


10 


46 


105 


492 


450 




2 


2300 


31 


01 


132 


637 


600 




3 


2925 


39 


102 


220 


720 


600 




4 


900 


12 


31 


70 


400 


450 




All 


75 >■) 


1 >'J 


260 


505 


1350 


1250 


1035 


22i3 


5225 


70 


132 


410 


1200 


000 


1210 



24,900,000 



40,900,000 



73,100,000 



136,000,000 
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riible II. 

RAINFALL III IlICHSS, FOR PRAIRIE DU CHIEN 





1391 


1092 


1893 


1894 




1.01 


1.8G 


1.81 


0. 79 


February, 


1. 05 


1.21 


1. 00 


0.66 


:i-xrch , 


2.44 


1.13 


1.97 


1.99 


April , 


1.11 


4.03 


3.07 


2.51 


:.Iay, 


1.65 


8.26 


3.86 


^ — — — 


Ju.:g, 


2.95 


13.53 


2.45 


2.64 


July, 


1.76 


2.02 


5.69 


0.04 


Aujuat , 


2.32 


3.37 


2.61 


1.13 


Sopt aiber , 


1.73 


1.96 


1.40 


3.65 


Oct ob er , 


1.82 


1.2G 


3.00 


2.57 


"ovoiiber , 


■0.9G 


1.00 


1.18 


1.50 


Decc'±icr , 


2.82 


1.47 


1.41 




Total , 


AO 


41.90 


29.45 




Averajo Aiuiual 


Rair.fall 


, 30. 31". 
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I Table III. 

I 

CAPACITY OP WELLS, GALLONS P3R DAY. 



60' V/ells 



Dianet or 




H - 


h 






4 ! 


: 5 : 


6 : 


7 


2 


332,000 


408 , 000 


480,000 


550,000 




352,000 


432 , 000 


500 , 000 


584,000 


6 


364,000 


448 , 000 


526,000 


603,000 


8 


302,000 


4?0,000 
80' \7ell3 


544,000 


610,000 


Dianeter 




H - 








4 : 


•o : 


6 : 


7 



2" 5?G,000 704,000 836,000 066,000 

4" 610,000 746,000 886,000 1024,000 

6* 630,000 704,000 016,000 1056,000 

8" 680,000 814,000 044,000 1070,000 
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Table IV. 
Econordc Velocity System for Plan !• 



Location 



Prori 



To 



• CO 



u 
o o 

•H 

-P 



-p 

O H 

o> 
o 



•H 

-p 



o 

•H 
CO 



H 

!> 
» 

n 



4th :7ard 


Estrone Hid 


IJiain 


520 


7.3 


3.6 


8" 8'' 


Bluff 


Lewis 


Church 


900 


13.0 


4.2 


8"\ 9.4" 


(Branch) 




tt 




7.3 


3.5 




1st Ward 


3rd & Parish 


2nd & Broadway 520 




•t 


ft 


tt 


520 


7.3 


3.5 




Church 


3road\7ay 


\7ebster 


520 


7.3 


3.3 


8- 


fi 


\7obL3ter 


Bluff 


760 


4.2 


4.8 


8- 


If 


Perry 


tt 


350 


7.2 


3.9 


6" 


Uinn. 


XJeb at or 


It 


340 


8.9 


3.9 


6" 


ft 


Perry 


tt 


350 


7.2 


3.9 


6" 


liich. 


WebGter 


n 


370 


11.5 


4.2 


6" 


It 


Perry 


It 


410 


7.0 


4.6 


6'' 


Bluff 


IIichi{^:in 


RoGorvoir 


1840 


3.1 


3.0 


16'' 


n 


It 


Church 


10G6 


2.55 


4.0 


12" 




— Friction 


Bctwecii Different Points 






Fron 


'::o 


I.Ia::. Cons . 


E^uiv. Length 


Pipo 






Gals., tlin. 


Size. 






Friction 



Collei^e ".Tebster 




560 


/» 

7.9 


4790 


40.7 


Wo.a; Ch. :ii Chi. jrtn 




1160 


10.6 


2670 


20.1 


4th V/ard " 




520 


8.5 


5170 


27.40 


Perry a Cli. " 




600 


9.3 


2990 


12.80 


Reservoir liichiijan 




1040 


16.0 


4560 


10.00 


Pipe Friction fron 




Hydrant Pres 


sure 


Total 


Reson/oir To 












Collotjc, 


70.' 




118' 




188 '.8 


'.Yo'bot'jr Churcli, 


30,L 




148.0 




178. L 


Perry' ^.Church, 


22.8 




143.0 




170.8 


'^^^ii V/ard, 


37.4 




118.0 




155^4 


Prairi e , 


15 




200 
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Table V. 
Plan 3. 
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For :i a:<:ir-'.un Firo Conoui-^ption. 

Equiv- Pipe Friction Ilax.Ord. Hydrant 

Fron To alont Friction Head 

Size 1030 1020 1030 Ke^iuired 

Colicjc 'TeLotor 7.*3 40.'? IIS' 

"7oL)3tor ?u-:p 10. G 20.1 148 

4tL V/ard " 0.3 33.3 118 

Perry 0.2 20.0 148 

"■.eserT-oir " 10.0 01.0 208 
Prairie T:; 

Sluff 299 



^la:-! 



College 


V/oLster 


6.4 


108* 


86' 


6.3' 


7eb 3t er 




0.3 


44 


30 


3.0 


4tL V/ard 


H 


G.O 








•f fi 


ft 


?.? 


131 


116 


5.6 


M ft 


ft 


10,0 








H fl 


ft 


10.0 








Perry 


ft 


9.2 


20 


15 






ft 


10. 


01 


66 


13.2 


ft 


ff 


12.0 


30 






ft 


ft 


8.0 






36.8 
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:ablQ VI. 



RIl iUIRSD TABLE OP H0RS3 POWER. 



Por 


Iload 


icr.l IIP. 


i-li I IC 

ioiicy 


• 

> • 


Hot or 
85^ of:: 


TT T) 

80% Of 


O OA 


±C J 


o , b 


lo» ^ 


-JO c Q/7 r: 
±J . ob • O 


lb» 






oo r> 


11 . 1 


1 r . o 




fc>l« *k 


Q7 7 


^fc J'J 


± ( J 


1 r • 


or» o 


o J • u r o . u 


Oo • vj 


RQ *\ 




no 






ou« b JO • u 




7^ O 
f O • U 


<-» '> ^ 

O J J 


JL < u 




*± J . o 


Oo • f 11U» u 




nn 9 




220 


33.4 


53.0 










300 


45.5 


71.0 


103.0 


87.5 






300 


6"). 7 


04.3 








050 


300 


72.0 


112.0 








1250 


3.) J 


04.8 


143 . 








IGO 


170 


6.9 




29.0 










0.4 




35.8 
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TaTjle VII. 
COST OF 0P121ATI1T0 PLAIIT. 



Plan 2. 

Coat of: 



70 IIL\ Hot or, wl,250 ^1,250 

110 EP.Sto.-v-i onjine, 1,800 iJl,800 

110 in^Boilor, 2,000 

Punp Lou.iO, 2,000 1,500 2,000 ^2,000 

p-oiip, 4,500 4,500 4,500 4,500 

3 \7ell3, 500 500 500 500 

110 IlP.rjaaoline Uji^i^io, 5,500 5,500 

70 3,500 

70 Stoan Unjine, 1,100 

2 90 IIP.Boilora, 3.600 



-otal, 012,050 013,250 ^^13,500 $16,000 



P l;m 4. 

30 IIP. Hot or, $t]50 $ 550 

45 " 010 

Punps, 3,500 ^J3,500 3,500 ^J3,500 $3,500 

Purq? house, 500 2,030 700 800 700 

^ell3, 200 200 200 200 200 

25 EL\Gtca:-. liijine, 500 
40 " » 800 

40 Gaoolino Snjine, 2,500 2,500 2,500 
30 - - - 2,000 
2Boilerj, 3 . 000 

Total, 05,560 OlOOOO 0^,350 ,^0,000 $6,900 
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Table VIII. 
FIIIAITCIAL COLIPARISOH. 



Plan 2 . 

I!]GtiT-i:-.t cd Co3t of Opero,tion 
Oil 

Syot em Ena.n* ra Repairs Fuel Total Sa-viii^; 

: lot or 3, $ 200 $ 50 ^^3,500 i?3,830 01,410 

aayoline, 400 140 590 1,130 4,110 

Stotjjn, 1,440 150 520 2,110 3,130 
-Jot or and jaso- 

line, 300 150 3,590 4,030 1,160 

Hotor aaid otean, 1,440 175 3,600 5,240 0,000 



Anount of Invoatiient V/arrantod by Saving 

Firat Coat of Gavinj Saving Capital- 
Cppt_ Opern-tion Per Year Izod at 6% 



Uotors, ^B,525 ^3,030 ^1,410 $23,700 

Gasoline, 15,0 DO 1,130 4,110 69,000 

Stean 13,500 2,110 3,130 52,000 

::otor aasolinc, 13,250 4,030 1,160 17,000 

Hotor C:, Steam, 12,050 5,240 0,000 



Financial Comparison 



Hot or 3 , 
Gas oline. 
Steam, 

liotor "i Gasoline 
Uotor "z St can 



5',j on Cojt of 

Coat Ojorati on 

5426 03,830 

BOO 1,130 

675 2,110 

663 4,080 

602 5,240 



Si.ilcini:; Total Cost 
Fund Per Azinum, 



034O $4,596 

640 2,570 

540 3,225 

530 5,273 

482 6,324 
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PINAITCIAL COIIPARISON. 
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Plan 4. 



Satiruited Cost of Operation 



Enjin- Oil 

Systen eera. Repairs Fuel Total Saving 

Hot or s, S 100 $ 25 ^?1,350 ^1,475 125 

Gasoline, 200 100 380 680 9 20 

Steam 1,000 100 332 1,432 168 

Llotor h Gasoline, 200 50 1,350 1,600 



Anount of InvGctnont Y/ar ranted "by Saving 



Ilotors , 
Gasoline, 
St ean, 

Llotor ?i Gasoline 



First Cost 

iJ5,560 

0,900 
10,000 

7,350 



Cost of 
Operation 

^1,475 
680 
1,432 
1,600 



Savin-: , 
1 Year 

$125 
920 
168 



Saving, 
at 6^. 

$2,080 
15,300 
2,800 



Financial Comparison 





5f5 on 


Cost of 


ia;J Sink- 


Total 




Cost 


0-p oration 


ing Fund 


Per Aiinun 


Hot or , 


;:.273 


$1,475 


$556 


$2,304 


Gasoline, 


446 


600 


890 


2,016 


Steam, 


500 


1 , 432 


1,000 


2,932 


liotor C; Gasoline, 


363 


1,600 


735 


2,698 
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Table X. 
PIPE LINES. 
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Plan 2 



Plan 3 



Plan 4 



On 



-p 
o 



o 
+> 

<D 
•H 



-P 

O 

o 

•p 

•H 



+5 

O 
O 



© 
© 



+5 

to 
o 
o 

5 



ro 
O 

o 



© 

o 

§ 

•H 

PI 



-P 

o 

Hi 



-p 

o 
o 



to \70ll 


,4100 O" 




00 


^?4130 10" 




$5225 


8" 


4180' $4180 


Bluff, 


1140 10 


1. 


25 


14?,5 


10" 




1425 


10" 


1140 


1425 


Bluff , 


700 8" 


1. 


00 


700 


8" 




700 


8" 


400 


400 


Cliurch , 


4140 6" 


• 


58 


2400 


8" 


1.00 


4140 


6" 


4140 


2400 


Ilinn. , 


4140 6" 






2400 


6" 




2400 


6" 


4140 


2400 


llich. , 


4140 6" 






2400 


G" 




2400 








111., 


800 G" 






4G4 


6* 




464 








Llain, 


500 6" 






290 


8" 


1.00 


500 








Louis, 


5G0 6" 






326 


6" 




326 




350 


203 


Prairie , 


900 G" 






522 


G" 




522 


6" 


500 


290 


Porry , 


760 G" 






418 


G" 




418 


6" 


380 


209 


V/ebst er , 


760 6" 






418 


G" 




418 


G" 


380 


209 


. Totca, 


22720' 






















Ho... 










ITo. 




Ho. 






H:,^ar ant s 


32 






OGO 






9 GO 


26 


26 


780 


Valves , 


a-io" 






72 


10" 


6 


144 


3-10" 


2 


48 




3-8« 






54 


8" 


2 


54 


3- 8" 


3 


54 




18-0" 






216 


6" 


17 


204 


lfl-6" 


12 


192 



Total, 
(Fonvard to p. 44- ) 



$17317 



$20890 



$12790 
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Table X. , Continued. 
PIPH LIITSS. 







Plra; 2 




Plan 


3 






First \7ard 








On 


Length 


Unit 

Dial. Cost Cost 


Hi oil. 


Unit 
Cost 


Cost 


Church , 


3430' 


6" '.58 <f2650 


B" 


'^l.OO 


^J3430 


2nd, 


1060 


6" 


6«' 


.58 


615 


3rd, 


i:)GO 


6" 615 


6" 




615 


Broadv/ay , 


300 


6" 174 


6" 




174 


?ar i 3li , 


300 


174 


6" 




174 


Total, 


6150' 










Hydrants , 


10 


300 






300 


Valves , 

Total 


4 


48 

Second \7ard 


iJ3961 




48 

$5356 


Harsh , 


650' 


6" .58 378 


8* 


1.00 


650 


River, 


500 


6" 1.00 500 


8- 


1.25 


625 


\7ard, 


2200 
oouU 


6" .58 1276 


6« 


.58 


1276 


jlydra:its , 




180 






180 


Yalvos , 


1 


12 






16 


Total 

ff 
tt 


First 
Fron 


^^2346 

■'ard, 3961 
p. 43 . 17317 






^^2747 
5356 
20890 




ar;uid T 


otal, ^23614 






§28993 
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